ヒセンケイ ハドウ ホウテイシキ ノ アンテイ カツ コウセイドナ スウチ カイホウ ニツイテ ヒセンケイ ハドウ ゲンショウ ノ ケンキュウ ノ アラタナ シンテン by 北川, 真帆 & 村上, 洋一
Title非線形波動方程式の安定かつ高精度な数値解法について(非線形波動現象の研究の新たな進展)
Author(s)北川, 真帆; 村上, 洋一




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
(Maho Kitagawa), (Youichi Murakami)





$\frac{\partial u}{\partial t}+u\frac{\partial u}{\partial x}+L(\frac{\partial}{\partial x},\frac{\partial^{2}}{\partial x^{2}},\frac{\partial^{3}}{\partial x^{3}},$ $\ldots)u=0$ , (1)
$L( \frac{\partial}{\partial x},\frac{\partial^{2}}{\partial x^{2}},\frac{\partial^{3}}{\partial x^{3}},$ $\ldots)$ $x$
( )
( ), $KdV$ ( )
$KdV$
2
$\frac{\partial u}{\partial t}=-\frac{1}{2}\frac{\partial u^{2}}{\partial x}+v\frac{\partial^{2}u}{\partial x^{2}}$, (2)
NavierStokes 1 Burgers[1] $v$
$KdV$ [2]
$\frac{\partial u}{\partial t}=-\frac{1}{2}\frac{\partial u^{2}}{\partial x}-\mu\frac{\partial^{3}u}{\partial x^{3}}$, (3)
$\mu$
2 [3].
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$M[u(t)]:= \int_{0}^{2\pi}u^{2}(t,x)dx$ , (4)
$E[u(t)]:= \frac{1}{2}\int_{0}^{2\pi}(\mu(\partial_{\chi}u(t,x))^{2}-\frac{1}{3}u^{3}(t,x))dx$ . (5)
$KdV-$ [4]
















$y$ $y_{i}$ $t_{i+l}=t_{j}+\Delta t$ $y$ $y_{i+1}$
$y_{n+1}=y_{n}+ \frac{\Delta t}{6}(k_{1}+2k_{2}+2k_{3}+k_{4})+O(\Delta t^{5})$ , (9)
$k_{1}=f(t_{n},y_{n})$ , (10)
227
$k_{2}=f(t_{n}+ \frac{\Delta t}{2},y_{n}+\frac{\Delta t}{2}k_{1})$, (11)
$k_{3}=f(t_{n}+ \frac{\Delta t}{2},y_{n}+\frac{\Delta t}{2}k_{2})$ , (12)









$=y_{n}+ \Delta t\frac{dy_{n}}{dt}+0(\Delta t^{2})$ (15)
2
$y_{(1)}=y_{n}+ \frac{\Delta t}{2}f(y_{n})$
$=y_{n}+ \frac{\Delta t}{2}\frac{dy_{n}}{dt}$ , (16)
$y_{n+1}=y_{n}+\Delta tf(y_{(1)})$
$=y_{n}+ \Delta tf(y_{n}+\frac{\Delta t}{2}\frac{dy_{n}}{dt})$
$=y_{n}+ \Delta t\frac{d}{dt}(y_{n}+\frac{\Delta t}{2}\frac{dy_{\mathfrak{n}}}{dt})$
$=y_{n}+ \Delta t\frac{dy_{n}}{dt}+\frac{\Delta t^{2}d^{2}y_{n}}{2dt^{2}}+0(\Delta t^{3})$ (17)
N
$y_{(1)}=y_{n}+ \frac{\Delta t}{N}f(y_{n})$ , (18)
$y_{(2)}=y_{n}+ \frac{\Delta t}{N-1}f(y_{(1)})$ , (19)
228
$y_{(N-1)}=y_{n}+ \frac{\Delta t}{2}f(y_{(N-2)})$ , (20)







$( \frac{dy}{dt}+ay)e^{at}=f(y)e^{\alpha t}$ (24)
$\frac{d}{dt}(e^{\alpha t}y)=e^{\alpha t}f(y)$ . (25)
(26)





$\frac{dy}{dt}=f(y)-\alpha y$ . (27)
(27) $e^{\alpha t}$
$\frac{d}{dt}(e^{\alpha t}y)=e^{at}f(y)$ . (28)
(28) 4 (29)
$y_{n+1}=e^{-\alpha\Delta t}(y_{n}+ \frac{\Delta t}{6}m_{1})+e^{-\frac{a}{2}\Delta t}\frac{\Delta t}{3}(m_{2}+m_{3})+\frac{\Delta t}{6}m_{4}+0(\Delta t^{5})$, (30)
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$m_{1}=f(y_{n})$ , (31)
$m_{2}=f(exp(- \frac{\alpha}{2}\Delta t)(y_{n}+\frac{\Delta t}{2}m_{1}))$ , (32)
$m_{3}=f(exp(- \frac{\alpha}{2}\Delta t)y_{n}+\frac{\Delta t}{2}m_{2})$ , (33)
$m_{4}=f(exp(- \alpha\Delta t)y_{n}+\Delta texp(-\frac{a}{2}\Delta t)m_{3})$ . (34)
35
- $f(y)$ (35)
$\frac{dy}{dt}=f(y)-\alpha y$ . (35)
$\frac{d\tilde{y}}{dt}=-\alpha y$, (36)
$\tilde{y}=e^{-\alpha\Delta t}y_{n}$ , (37)
$\frac{dy}{dt}=f(\tilde{y})$ , (38)
$y_{n+1}=\tilde{y}+\Delta tf(\tilde{y})$ . (39)
4
N, $\Delta x$
$\Delta t$ $\Delta t$





2 4 2 $\Delta x$
2 4








4 4 $\Delta t$ 3 $\Delta x$
3
$\Delta t$ $\Delta x$ 2




$\Delta t$ $\Delta x$ $KdV$
$\Delta t$ $O(\Delta t)\sim o(\Delta x)$
KdV-




6 4 $KdV$ $\Delta t$ 3
$\Delta x$ 3 4
$\Delta t$ $\Delta x$
KdV-
$\Delta t$ $\Delta x$
4.45th $KdV$
3 $KdV$
$\Delta t$ $\Delta x$ 5 $\Delta t$






8 5th $KdV$ 1
$\Delta t$ $\Delta x$ 34
8
2 4
$\Delta t$ $\Delta x$ 2
$KdV$ $\Delta t$ $\Delta x$ 4
5 $\Delta t$ $\Delta x$
5
45
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